Aims: Hyperglycemia is associated with increased mortality in cardiac patients. However, the predictive value of admission-and average glucose levels in patients admitted to an intensive cardiac care unit (ICCU) has not been described. Methods: Observational study of patients admitted to the ICCU of a tertiary medical center in whom glucose levels were measured at and during admission. Over a 19-month period, 1713 patients were included. Mean age was 63±14 years, 1228 (72%) were male, 228 (17%) had known diabetes. Median (interquartile) glucose levels at admission were 7.9 (6.5-10.1) mmol/l; median glucose levels during ICCU admission (873 patients with three or more measurements) were 7.3 (6.7-8.3) mmol/l. Cox regression analysis was performed including the variables age, gender, admission diagnosis, length of stay, prior (cardio)vascular disease and diabetes. Results: A 1 mmol/l increase in admission glucose level (above 9 mmol/l) was associated with a 10% (95% confidence interval (CI): 7 -13%) increased risk for all-cause mortality. A 1 mmol/l higher average glucose level (above 8 mmol/l) was an additional independent predictor of mortality (HR 1.11, 95% CI: 1.03 -1.20). At 30 days, 16.8% (97/579) of the patients with an admission glucose level in the highest tertile (>9.8 mmol/L) had died vs 5.2% (59/1134) of those with a lower admission glucose level. Conclusion: In a high risk ICCU population, both high admission glucose levels as well as high average glucose levels during hospitalization were independently associated with increased mortality, even when accounting for other risk factors and parameters of disease severity.
Introduction
Hyperglycemia in patients with acute medical conditions has been associated with increased mortality compared to normoglycemia in patients with the same condition. 1 Indeed, outcome is improved with insulin treatment in hyperglycemic patients presenting with acute myocardial infarction. 2 However, the prognostic implications of initial (admission) versus sustained hyperglycemia in high risk patients admitted to an intensive cardiac care unit (ICCU) have been less well studied. Therefore, the aim of this study was to evaluate the predictive value of both admission and average glucose levels in a high risk population of patients admitted to an ICCU with respect to all-cause mortality.
Methods

Study population
The Thoraxcenter of the Erasmus University Medical Center is a tertiary care facility in Rotterdam, The Netherlands. The ICCU consists of eight beds with a 1:1-1:2 nurse to patient ratio and 1400-1700 admissions per year. The present study cohort included patients admitted to the ICCU of the Thoraxcenter between 1 January 2007 and 28 July 2008. During that period, 2396 patients were admitted to the ICCU. Glucose measurements were available in 1796 patients (75%) who were included in the analysis of the relation between admission glucose level and survival (Figure 1 ).
In the 893 patients with three or more measurements, the average glucose level during admission was calculated using the area under the curve with linear interpolation. 3 This method takes into account differences in time intervals between the glucose measurements. Patients with less than three glucose measurements during admission were omitted from this analysis to provide a more reliable estimate of average glucose levels.
During the study period, a simple sliding scale insulin protocol with a target glucose range of 4.5-7.0 mmol/l was used. The protocol has been described previously. 4 Briefly, after each glucose measurement some advice was given with regard to dosage of insulin infusion and when to repeat the glucose measurement. The advised interval between measurements was shorter for high and low glucose values than for measurements in the target range. The protocol was nurse-driven, and initiated for all patients with an acute myocardial infarction or with a history of diabetes. The initial glucose measurement was taken at admission, regardless of nutritional state. For all other patients with elevated glucose levels, a physician was consulted first. Copies of the protocol were available at the bedside of each patient and at the main ICCU desk. Plasma glucose concentration was measured in the hospital laboratory using the hexokinase method (Modular analytics EVO-P 800, Roche, Switzerland) in venous and arterial blood samples which were collected in Fluoride Ethylenediaminetetraacetic acid (F/EDTA) tubes to stabilize glucose.
Data collection and follow-up
Patient demographics, admission diagnosis and medical history were registered in the patient data management system. Additional medical data was retrieved from hospital discharge letters and charts. Laboratory values (including glucose and troponin-T) were registered in the hospital information system. Follow-up data were obtained in 2010. The median (interquartile range (IQR)) follow-up was 27 (23-34) months. All-cause mortality was determined from the hospital records and the municipal civil registries.
Analyses
Statistical analysis was performed with SPSS 15.0 (Chicago, USA). Continuous data were expressed as mean with standard deviation (SD) or median with IQR, as appropriate. Differences in continuous variables were evaluated using the Student t-test and analysis of variance. Differences in proportions were compared using the χ 2 test. Coxregression analysis was used to determine the predictive value of admission and average glucose levels for all-cause mortality.
The admission glucose and average glucose levels, as well as age, body mass index, duration of stay, troponin-T and Acute Physiology and Chronic Health Evaluation (APACHE)-2 score were entered as continuous variables. Diabetes, hypertension, prior hypertension, prior renal disease and prior heart failure were entered as dichotomous variables. Dichotomous variables were also defined for combined prior atherothrombotic events (myocardial infarction or (transient) cerebrovascular event) and atherosclerotic disease (prior percutaneous coronary intervention (PCI) or coronary artery bypass grafting (CABG), prior angina or peripheral atherosclerotic disease). Admission diagnosis was categorized into three groups: acute coronary syndrome (myocardial infarction or unstable angina), other severe cardiac disease (cardiac arrest, heart failure or arrhythmia), and others (including valvular heart disease and periprocedural care). First, univariate analysis was performed. Subsequently, multivariate analysis was performed adjusting for age and gender, and for all variables that were associated (p<0.05) with mortality in the univariate analysis. The risk was expressed as a hazard ratio (HR) with a corresponding 95% confidence interval (CI). A p-value<0.05 was considered statistically significant.
Results
During the study period, data were collected in the 1796 patients who had at least one glucose measurement (75% of all admissions). Follow-up data were available for 1713 patients (96%). Mean age was 63.2±14 years, 1227 (72%) were male and 228 (17%) were known diabetics ( Table 1) . A total of 1075 (70%) patients were admitted with an acute coronary syndrome. Median length of stay in the ICCU was 0.7 (0.2-1.5) days during which a median number of three (1-8) glucose measurements were done. Altogether 893 patients had three or more glucose measurements during their stay in the ICCU. Median admission glucose level was 7.9 (6.5-10.1) mmol/l and, in patients with three or more measurements, the median glucose level during admission was 7.3 (6.7-8.3) mmol/l. Patients with an admission glucose level in the highest tertile were older, more often had known diabetes and were less likely to have prior angina, heart failure or PCI. These patients also had a longer duration of admission and had a higher disease burden, as reflected by a higher APACHE-2 score ( Table 1) .
Overall mortality at 30 days was 9.1% (n=156). At 12 months, 272 patients (15.9%) had died, reflecting the high risk population admitted to the ICCU ( Table 2 ). In patients with acute myocardial infarction, mortality was 7.3% at 30 days, including patients with myocardial infarction in cardiogenic shock.
Mortality was relatively low in patients with normal or slightly elevated admission glucose levels but increased steeply in those with admission glucose levels higher than 9.0 mmol/l (Figure 2(a) ), corresponding to the approximate cut-off for the upper tertile of admission glucose, which was 9.2 mmol/l. Indeed, survival was similar for patients in the lower two tertiles of the admission glucose level, as well as for average glucose levels, while mortality was significantly higher in the highest tertile (16.8% vs 5.2% at 30-days (p<0.001), Figure 3 ).
Hypoglycemia (<4 mmol/l) on admission was observed in 12 patients (0.7%). We observed a high mortality in these patients of whom three had died at 30 days and five died at 12 months. However, due to the limited numbers, this did not reach statistical significance.
Each increase of 1 mmol/l in admission glucose level (above 9 mmol/l) was associated with an increased risk of death (HR 1.10, 95% CI 1.07-1.13) both in univariate and multivariate analysis (Table 3) , after adjustment for risk factors, admission diagnosis, APACHE-2 score and troponin-T levels, although the latter two were not available for all patients. Separate analyses were performed for the 1075 patients admitted with an acute coronary syndrome and for 333 patients with other severe cardiac diseases, with similar results.
For the 893 patients with three or more glucose measurements, the predictive value of the average glucose level, as an indicator of sustained hyperglycemia, was determined, using the same model as for admission glucose (Figure 2(b) ). Again, a 1 mmol/l increase in the average glucose level above 8 mmol/l was associated with an increased risk of mortality (HR 1.22, 95% CI 1.14-1.30). In multivariate analysis, both the admission glucose level and the average glucose level were independently associated with mortality. Furthermore, the average glucose level provided prognostic information additional to that of the admission glucose level. Again, results were similar among patients with acute coronary syndromes and other cardiac diseases.
Discussion
In this high risk ICCU population, both hyperglycemia at admission (glucose>9 mmol/l) and sustained hyperglycemia during hospitalization (average glucose levels>8 mmol/l) were independent predictors of all-cause mortality. Furthermore, in patients with hypoglycemia at admission (<4 mmol/l) we also observed a trend towards an increased mortality, though the latter was not statistically significant. Other studies have reported similar relations between admission glucose levels and hospital mortality. 5, 6 However, in this analysis, we extend these findings to a high-risk population admitted to an ICCU and demonstrate also that sustained hyperglycemia is an independent risk factor for mortality that provides prognostic information additional to the admission glucose levels. Furthermore, we demonstrate that this relation is not linear, since patients in the two lower glucose tertiles had similar mortality rates, but that the increased risk for mortality starts at levels above 9 mmol/l for the admission glucose level and approximately 8 mmol/l for the average glucose levels.
High admission glucose levels occur in patients with known and in those with so far unrecognized diabetes mellitus, 7 but may also reflect the severity of disease as a result of elevated catecholamine and cortisol levels. Additional conditions such as infection or sepsis may further disturb carbohydrate metabolism and glucose levels. These and several other factors are included in the APACHE-2 score. 8 However, when this score was added to the regression model, this did not alter the findings of the current analysis, which suggests that the hyperglycemia per se is associated with impaired outcome. [9] [10] [11] In patients with acute myocardial infarction, hyperglycemia has been associated with higher free fatty acid concentrations, 12 insulin resistance and impaired myocardial glucose metabolism, which may result in an increased oxygen consumption and, consequently, a more severe ischemic state and larger infarct size. 13 Previous studies have demonstrated that an increased initial, 14 as well as an increase in fasting, glucose levels during admission 15 are predictors of increased mortality in patients admitted with an acute myocardial infarction. The results of our study add to these previous studies by demonstrating that glucose values taken earlier (at admission) and randomly thereafter, without knowledge of nutritional status, in an ICCU population of higher risk, provide similar prognostic information without the need to measure fasting glucose levels.
Our observations that both admission glucose levels >9 mmol/l and sustained glucose levels >8 mmol/l are independently associated with impaired outcome. On the other hand, the higher mortality in the patients with an admission glucose level <4 mmol/l emphasize the need to prevent hypoglycemia. In an intensive care setting, Van den Berghe et al. 16 demonstrated reduced mortality and morbidity during hospital admission among patients treated with glucose-lowering insulin therapy. Similarly, the diabetes and insulin-glucose infusion in acute myocardial infarction (DIGAMI) study achieved better outcome with intensive insulin therapy. 17 This benefit was, however, not confirmed in DIGAMI-2, 18 probably because of the small differences in glucose levels among the different treatment regimens. Furthermore, in the more recent NICE sugar trial, 19 an increase in hypoglycemic episodes and mortality was seen in the patients allocated to more intensive insulin therapy. Indeed, careful regulation of glucose levels in the ICCU is difficult to achieve, 4,20 so targets should not be set tighter than necessary. Further studies are needed to investigate the optimal insulin treatment regimen to improve outcome in patients with acute cardiac disease. Previously, high admission glucose levels in patients with acute myocardial infarction receiving thrombolytic 21 or percutaneous reperfusion therapy 22 were associated with increased mortality and morbidity. However, these studies were restricted to patients with an acute myocardial infarction and did not investigate the predictive value of sustained hyperglycemia.
The current study was performed in a high-risk, mixed cardiac patient population. It is important to note the high 30-day mortality rate for myocardial infarction: in the overall population of patients with acute myocardial infarction admitted to the ICCU (including those without glucose measurements) the 30-day mortality rate was 7.3%. However, this included patients in cardiogenic shock (9.2% of the population) with a much higher mortality rate. The mortality rate for the patients admitted with acute myocardial infarction without cardiogenic shock was 3.8% during the study period, representative for a tertiary center. The Erasmus Medical Center treats approximately 650 patients per year with primary PCI. In addition to the patients with an uncomplicated acute myocardial infarction, who are directly transferred after reperfusion treatment to surrounding hospitals, the center also treats complex patients from other hospitals. In this high-risk population, multivariate analysis demonstrated an independent and incremental prognostic value for the glucose value at admission and the average glucose level during hospitalization. Similarly, in the DIGAMI study 17 of 620 diabetic patients with acute myocardial infarction, admission glucose was independently associated with mortality during 3.4 years follow-up. The admission glucose levels in DIGAMI (15.5 mmol/l) were higher than in the current study (7.9 mmol/l), as was the 30-day mortality rate (14% vs 9.1%). The lower mortality rate in the current analysis can be explained by the inclusion of non-diabetic patients. Similar high mortality rates were reported in other studies of patients with acute coronary syndromes and high admission glucose levels, and in elderly patients (>65 years) hospitalized for acute myocardial infarction. 2, 6 
Study limitations
Glucose values were not collected in all patients. Therefore, patients without measurements were not included. These excluded patients represent the uncomplicated patients that were directly transferred back to the referring hospital or to a step-down unit. Also, in patients with more severe disease, glucose levels may have been measured more often: thus hyperglycemic episodes in less sick patients might have gone undetected resulting in an underestimation of average glucose in patients with less severe disease. However, the frequency of measurements was taken into account when calculating the average glucose level during admission.
Seventy-two percent of the patients were male, however this percentage was consistent over the different groups: furthermore, the effect was consistent for both genders.
Conclusions
Both higher admission glucose levels and higher average glucose levels are independently associated with increased mortality in a high risk population of patients with cardiac diseases admitted to the ICCU. Furthermore, average glucose levels provided prognostic information additional to that of the admission glucose levels.
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